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METHOD AND APPARATUS FOR HYDROGEN DETECTION AND DILUTION 

FIELD OF THE INVENTION 
[0001] The present invention relates generally to fuel cells and, more 
particularly, to methods and apparatuses to detect hydrogen migration in a fuel 
cell system. 

BACKGROUND OF THE INVENTION 
[0002] H 2 - 0 2 (air) fuel cells are well known in the art and have been 
proposed as a power source for many applications both mobile and stationary. 
There are several types of H 2 - 0 2 fuel cells including acid-type, alkaline-type, 
molten-carbonate-type, and solid-oxide-type. A plurality of individual cells are 
commonly bundled together to form a fuel cell stack. In these fuel cells hydrogen 
is the anode reactant (i.e., fuel) and oxygen is the cathode reactant (i.e., oxidant). 
The oxygen can either be in a pure form (i.e., 0 2 ), or air (i.e., 0 2 mixed with N 2 ). 
During the conversion of the anode reactant and cathode reactant to electrical 
energy, the fuel cell, regardless of the type, produces anode and cathode 
effluents that are exhausted from the fuel cell stack. 

[0003] The fuel cell stack is typically part of a fuel cell system. The fuel 
cell system may include such things as a hydrogen storage device and hardware 
(i.e., injectors, piping, valves, sensors, etc.) associated with supplying the 
hydrogen to the fuel cell stack, a compressor or similar device and associated 
hardware for supplying the oxygen to the fuel cell stack, a coolant system and 
associated hardware to supply a coolant stream to the fuel cell stack, various 
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- .processor or similar device operable to monitor 
sensors and meters, and a microprocessor 
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SUMMARY OF THE INVENTION 
[00051 The present invention provides a mefhod and apparatus 
op J, e detect hydrogen seepage from a, e, cel, and,or fue, cell *~ 
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, d in the enclosure to detect the 
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100061 A fuel cell system ^ ^ - ^ one 

The ,e is a hydrogen sensor oper* ^ ^ § ^ 
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[0015) Furt her areas o, applica«y - - present —ion will 

1J« - — — a. specitic —s, while ,nd,ca„n 
I parted — o. - — , a, intended - purposes 
illustrafcn on ly anaaren. ^M—*""*-"- 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0 01 61 Ttte present — beoon. more un^oo. ^ 

^d^d^-*-^"****'* . , . first 
[0017 , Rgu re , is a simp« so— represent « a « 

„ , nf a fuel cell system according to the principles of the 
preferred embodiment of a fuel ceil sy 

present invention; and altpm ate 
Vm Figure 3 is a simplified schematic representation 

invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0020] The tollowing description ot the preterred emhodiments . 

merely exemplary in nature and is in no way intended to limit the invention, its 

application, or uses. 



6 



, M „ qcaoG-000211 
Attorney Docket No. 8b4u p 3()3505) 



«,*> cell system according to 
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■ 58 that is operable to 

fm c-.^3e^-- 68isconnectedtoa 

radiat or 60 and a pump «■ ™ ' ^ ^ 60 . Badia .or 60 is 
flow trough M oe« -* 22, rese-vo, ^ ^ ^ ^ 

i9 — ^ S6 * (rom ^ slream 36 

contained «* content — " 

wW n reservoi, 66 an. ooo-an, stream 36 ^ ^ ^ ^ 

■r *R and into the interior space 
lhroug , reserve,, 66 ^^^aeouncosu^o. 

bel ow. Radiator BO ^ P-P by (ue , sta cK 22 . 

l00251 ca^ee.ue.s^ P ^^rein 

— L*— — — 

Cathode effluent stream 34 ^ ^ ^ anQ ^ 

nation stream 41. Vent-on ^ ^ ^ 

spaceo.e^u^.B.po^.^^^^^^ 
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^ponents located — ^ ^ hyd(og en sense, 44- «» 

e«uent stream 3, — *"* ^ ^ stack 22 , Ration 

ot compressor 54 providing J^^^ effluent stream 34, is induced to flow 
s^l.w^spro.dedbycarrro ^Ce e«uen. 

^^^^^^^^ 
slream3 .andven«ions t ream41w«o 

l00261 ^ — — Anod e effluent stream 32 «ows 
^^ — -^^^44 - 

efflu en. stream 32 men ioms «. van ^ ^ ^ ^ 

swam es «. . -.ed t0 

^ronme^'dendVe^us, stream 

[M271 Hydrogensenso, $ a temperatur e sensing device. 

- ' — de,6CW is oper* to catat^iv — tt V drogen 
C.^-— ^ L Ld M-en sensor 44. Caralydc 

combustion element 72 • P-e'era* P ^ ^ platinum 
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^.so^Pos^on,^, V ^ ca[bidei zircon , a . 

structu(e m a d e - VZA as . wov an - -* 

(oughened a , um , a , „, anan* Qt ^ e(c . CateVte 

paraW -cnanna, — . — ^ hydrog en -Hn 

^on 72 * opera.. ^ ol 

— » — 41 ^ « - * - in 

«~» °" *~ ^ Ten. 72 ana - — » — " 

flowing ma^rou*. This incraasa element 72 an. 

aa^oco^on^^^^.. 

l0028 , Tempara^a sans,n 9 da ^ ^ ^ , - 
oa^c combustion a-aman, 72 an. . «P ^ 72 . 

v9rt «on suaan, 41 — - >* otfo(m , F o, 

temp era W sansing da«a * ^ ^ which is a 

tesislanc e va.es - * ^ [ea ,, nment a, a spe* 

.e^rasuW.a^nco^sw 
a part of a switch. 
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t0 su pp>y a s*en. ,u«« V9 ^ ^ de , jve(y 

d9 mand on W ^ — » ^ ^ „ seteclively 

,^».«— — - ^,^22,^^ 
^ated to suppW oxidan- sueam • ^ pr0(Juces a „ode 

— — — — ho-*— 
m « and calhode effluent stream 34. 
efflu en. stream 32 ^ stre am 

- ~* - ^ 7 lode *en, sfream 34 fs P— * 

oxid an, sfream 28 and compressor ^ ^ ^ ^ 3, 

, d uced dV operation 0, compressor . ^ ^ ^ fe be , g 

and venf-on stream 4, - - ^llllase to ffo. -n fee, cef, stacK 

— "^larese^SSanddftectan,^, 
.aervolrSS into tne mterlo, of enclosure 40. 
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. B6 o« ventilation stream 41 directly enters 

68seco ::: 

re servoir 58. Ventilation stream 40 . 

. , ho uari0 us components mat ai= 
enclosure .0 and around me ^ ^ „ „ captu(e 

- - Pa* ot — ~ from the va ,us components -n 
„ dilute any hydro*, mat as 9 ave migraled W o coo« stream 

(0031) Any hydrogen v*m ^ ^ 

catalytic combustion element The catalytic combustion of 

/m ovitina enclosure 40. i»» 
prtot ,o ventilation stream 41 9 n ^ 72 an o 

— -::nr:^- — 

^nsendsa^altomemtcroprocess ^us, 

ai and the combustion 

"* ^ SWam b , e t0 simu „aneously detect tbe presence ol and 
hydr cgen sensor 44 is opetable to s,mu 

^me bydto 9 en -n _ 68 .1 _ «■* 

ioi ns anode effluent stteam 32 to for 
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Provided by anode effluent 
4fi for rem0 val of the hydrogen (proved 
combustor system 46 for rem 

« pxhaust stream 7U. 

stream 4, b y W tempera(u(e rise ot ^ —on 

Mmprt ses app— - - - _ ^ a grea% 

— ^ 

a temP e,a Wre rise o, about 80 ^ fc ^ t0 

by , he microprocessor to stream 

"nn—- — 

— - — 

[0033] Based on the corr , am 41 a n algorithm can be 

ba sed upon me .ensure Py 
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A „ em a,ive,y, empiric* data can be u ^ ^ ^ 

Ration e,emen,72. 1— ' Q ^ test sUea. — a t a^v 
vla Ml deliver system 26 to end ^ ^ (emperature 

sen sor 44 can be veritied. Additronaiiy. ^ ^ ^ ^ ^ ^ 
catatylic combustion eiement 72 .her 

( m 2Q is operaWe ,o seiectiveiy generate 

^ectncal power via M ^ ^ enclosure 40. 

The present invention atsc prowdes ,or the 

• addition to detecting Us presence. 
migra «edhyd,ogen,nadd,.,on.o a seMnd pref erred embodiment o. a 

1003a, Beterring now to Bgore ^ ^ ^ 

fuelc e»s y s,em20.according.o,hepnnc,pieso f ,hP 
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Fuel ^ syst em ao. is — ** — «^IZZZ* 

ls ** white ven,Ua«ion stream ^ ^ ^ effluent 

«*» system «. ven.«a«on stream ^ ^ ^ 

— '^cr^^-— 

approach does no, predude ^ ^ ^ ^ „ 

^.app^eOo- * P HyWnsen80r44 ,ss— 

«— 7 ^Las^^^ee^ 
simplicity, anode effluent stream 32 ^ ^ 

stream 3.. Pdor , enters corner .stem «. ^ ^ ? 

water vapor from catnoa 

■0037! Ass,a,eda b ove, i n fU e,oe«s y s,em 2 0,ve 

r «- of oxidant delivery system 30 . 
« induced by compressor tf frQm me 

emb odiment, stream 
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enc,osu m Zl-~<~~*" im '"~~ m 

cesser 54 ^ ^ ^ ^ ^ 90 , 

from the en.— within — « - merein ^ 

through the o. — * - ~ 41 , , to ^ 54' 

o«r aa' and feed ventilation stream * 
tn(0 ugh hydrogen sensor 44 and ^ ^ ^ ^ 

» - a porton o, o*dan, shaam ^ ofiowthroughenclosure 40. 
and through hydrogen sensor 44 

l00M1 Since ven.ila.ion ,ream ^.ed hy 

rate of ventilation stream 4i iso 
compressor 54, the ouan«y or .low rate ^ 

oenr 54' For example, tne wiy 
the operation of compressor . ^ 

ccnr 54' will cause an increase in the 
inau ced hy compressor ^ h ^ 

sU9 am 4V. Add— .here oan he a co ^ ^ ^ 

av Thus the quanta or flow rate or 
ot v enti.a«on s.ream 41 . . operation of 

compressor 54'. substantially identical to that 

[00401 -per, to no,,hisem b odimen,>em r ^ 
system.' and — - 30, 
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, , am 24' and oxygen via oxidant stream 28' to meet the 
hyd ^ ,UeUia : i Zao -oommandin.0, oxidant de W 

— P,aC6d Z a. causes compressor S, to be — r 
sys ,em 30' to supply oxidant stream ^ ^ 

operated to supply oxidant stream 28 . The op 

™ ^closure 40' which pulls air from the extenor 

" PU " 3 " tJosure 40' .a inle, 90 to ton. ventilation stream 4V. 
4 °' in,0,heWen t::laround,eoomponents W ,ineno,osure40' 
Ventilation stream 4, then ^ ^ 

- -* -** ^ 6 I henlsintothelnletsideot 
74 . ot hydro g ensen S or44'.Venti,a„ons,ream4 1 h^ 

^pressor 54' to term a portion o, oxidant stream 28 supp 

22 • . * „ m oa' and oxidant stream 28' 

. ^ii «tack 22' reacts fuel stream 24 ana ox.u 
[0041] Fuel cell stacK u re 

, o ge 1 .eetrioa, power and also produces anorfe e«,uent strata. 

<*■ The cathode and anode effluent streams 32 , 
catho de effluent stream 34. ^ ^ 

ioin aether outside o, enclosure 40 , , in 

— ------ 

me interior of enclosure 40 , if 

. a«' wherein hydrogen contributed by anooe e 
thro ugh combustor system 46 wherein hy 

str eam 32' is either thermally or caWically combusted pro 

7ft. .hat is vented to the environment, 
environmentally friendly exhaust stream 70 mat 

I00421 The flowing o, the entirety o, ven,ila„on stream . 

44' a „ows the detection and simultaneous consumption o, any 
hydrog en sensor 44 allows the — .^r 

hydr0 gen within ventilation stream 4t. That .s, 



18 



. nsure 40' causes any hydrogen that 
hashed * encore 40, ^ element « wi„ 

- — * C ° mbUS ' atalytic combustion element - and in 
causing . .emperature -ease ca», ^ ^ ^ 

— S,ream41 ' d0 lie :t -op^so, .a te^e 

sensing dev,ce 74 detect g micropro cessor then adjusts 

and/ot ca^c — on e^ n ^ w , 

operation of fuel call system 20, as des, 

... has been detected, as discussed above, 
ventilation stream 41 has been ^ 
,0043, Periodically, hydrogen-conta.mng test stream 
100431 «. n sor 44' to test the operation of 

— — : - nrr:— - 

nQO r 44' can be verified. Additionally, test stream 
hydrogen sensor 44 can combustion 

— ; "IT-— Vp-- 

on catalytic combusUon element J Thus , (uel ce „ system 20' 

con t aminan«son,heca,a,y1iocombus„one,emen,72. 
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^itrr- ------- 

XMS en— ,s — * — - - effluenl „ not 

^.---^rr— ------ 

used ,o «m. veotWon s„eam 41 w,.h ^ ^ 

swam 4r „ by — « oo.- _ bya 

■ c lroam 4V is induced by a tan w 
embodiment, ventilat.cn stream stream 
• below With this conf.gurat.on, catn 

— ™ 38 " WVT „ io ;os * anode efltuen, stream 33" - 
34 . immediately upon exitmg WVT 56 |or 

m «8» that flows to combustor system 46 . 
fo rm combustion stream 68 by the 

- *:,rr"— - - 

selective operation or wi 

microprocessor commands 

d[awn from the 6n ,, r0 nmen, within 
e „40". Ventilation stream -— « — 

*8" of coolant system 3b anu 
me n flows through resetvo,r 58 ^ 41 „ 

en c,osure 40". S-taneousty, second portron 
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40- and ioins with firs, po*n 64- .herein. 
flows direcfly » — e 40 witwn 

ai- then flows around the va»" 
Ventilation stream 41 , h[0ugh 

discu ssed ahove wfih — » * * ^ hydrogen 

«^ f, .rther As ventilation stream h 

dete ced and consumed oy hydrogen sensor 4 

[0046l , n operate when <uei cell 

,. »■ fan 100 is operated to cause 
.eofiioa, power via ,ue, cel, slac. * , m ^ ^ ^ 

ope ,ed .o generate electrical power, — n stream « 

an- bv fan 100. Because ventilation stream 41 • 
through enc,osure40 ^ t0 oonfinue , su PP , a 

by ^ ti0n0, Tlhnc, 0 sure..evena«ero.r,o n o.o X idan. 
v en,ila.ion stream ,1 through ^ ^ ^ , 

^oprocessorcommandrng^- ^ ^ „ „ 

str eam 49" is seiecflvely added .oenciosure 40 lo.es. 
and/0 rcomhus,con,am,nan K fliereon,asdescri b eda b ove. 
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mn Thus, .he present invention provides .or a method and 
enclosure within which a vane* o, components o, a ,ue, ceii system are .oca,ed 

withi n the ventilation stream prior to being exhausted trom the enclosure. The 
nation stream, alternatively, can also he induced hy operation o, a tan driven 
by a motor which operates independently o» the operation o. the oxidant delivery 
system. 

(0048, It should be appreciated that while the hydrogen sensor 
inc ,udes a catalytic combustion e,emen, and a temperature sensing device, other 
dev ,ces that are operable to detect the cata^ic combustion 0, hydrogen on the 
cataM ic combustion element o, the hydrogen sensor can be employed without 

and scope of the invention. 
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